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I. Statement of the Problem

Stock's carly syntheses of boron hydrides involved the reaction of a

. . : . . . 1
rather poorly defined magnesium boride with aqueous phosphoric acid.
Miserable yields of a hydride mixture containing large percentapes of higher
hydrides were obtained. All subsequent procedures, based largely on the work

y A

N
of Schlesinger, Brown, Burg and their coworkers™ as well as some commercial

programs“, gave B Hg as sole initial product. l.lighcr boranes (particularly
those nceded for the synthesis of carboranes) are currently wade from diborane
by thermolysis. Through proper selection of reaction conditions and equipment
ByH4,0, BgHo, BoHig, or BaoHi, can be prepared in fair to pood yivlds'\’, but the
processes are very difficult and expensive commercial operations.  Three other
rather gencralized processes for converting BoH, to higher hydrides have been
of interest in recent years. The first of these, studicd recently by Hill

and Johnsonﬁ, builds on ecarlier work of Hough, Marshall, Hunt, Hefferan, Adams
and Makhlouf”’ of Callery Chemical Co. The processes involves the pyrolysis of
[RuN|BHs to yield [RuN]aBioH4o. This is followed by the openirg of the Bqoljo ©
cage with HCL in liquid (C,H,) .8 to give BioH . [S(CaH:) ], From the latter
diethylsulfide adduct, carborances can be obtained. Yields are marginal.

A sccond process involves the reaction of NaBH, with Bl,. Following the
carly work of Hough and Edwards' on the reactions of Boll, with sodium amalgam
to give NaBil, and NaBillg. Caines showed clearly that B.H, reacts dirvectly with
NaBH, to give NaB,oH, and NaB x”)(." Muactterties carricd the process fur(hcr10
and obtained NaBy ;4 from NaBll, and B.H, under different conditions. This
general process has been developed beautifully In a fundamental sense by

Shore and his students who have been able to build up large borane anions in




)
!
b stepwise fashion by adding a borane group (Lewis acid) to a B=B bond of sclected
. . 1 + .
. boron hydride anions. Reactions such as those shown were carried out.
f
: BuHo + LBaHe > BuHy,
|
BeHy + SBuoHe —~ BoHqg
Addition of a proton to the anion generated 2 neutral borane containing once boron
more than the starting material. In some cases Hy was lost. A process developed
. 1. . .
in recent years by Dunks and Ordoncz at Union Carbide also scems to rely on
13
the general reaction between NaBH, and B,Hg.
The last process of interest might be considered as a genceralized form of
the preceeding reaction in which Lewis bases other than the hydride anion are
| added to BH3; the borane addition compound thus gencrated is then allowed te react
with diborane. The generalized equation is:
H
/
L: » B -~ H + 4BrHe > LB, He -
] where x and v are larger
H LB.H; than 3 and 7, respectively.,

—--—>LBxHy + nH,

Some years ago Muetterties reported’ that the reaction of (CH.) .8 with B, at
700C gives (CH3):S°'BgHq3; a number of other conversions have also been reported;
still the systematics of the reaction between diborane and Tewis base addocts
of the boranes are not now well defined, The study pervforeed ander the
contract focused on tlw'rvn('tions of the base adducts of borane fragments with
another reagent. The study has the ultimate goal of delineating the specific
reactions by which conversion of one borane to another occurs in the presence

of a base catalyst.




Il. Summary of the Results

A. Cleavage Processes and Base Catalysis of Borane Condensation.

Many years ago it was shown in this laboratory that 5.1, undergoes unsym-
metrical cleavage of the double bridge bond of diborane to pive the ionic product
[H2B(NH5) 2] [BH4]. ' Similarly Bulso gives [H.B(NH DB ha] by an unsymmetrical
cluzlvngv,"' more recently it was shown in this laboratory that Bolly, gives
THLB(NH) 511 BaHo ], '@ and that Bollo gives [HAB(NILD L ][BAH | Other amines
such as N(CH1)3 were shown to give symmetrical cleavage of the double bridge.
Species such as HaBNRy and H,BNR.y were isolated from BiHio as o result of a
summetrical cleavage process.”3 An application of symmctrical cleavage argu-
ments to BsHqq and N(CHs)a suggests that the products should be (CHiz)aNBH, and
(CH5) aNBuHg, but a number of studies in several laboratories, including this
one, failed to verify the prediction. At that time we proposed that the com-
pound (CH;) NB4Hg is unstable to attack by additional (CH.) N thus the products .
isolated represented a complex mixture of secondary products.  In a recent ARO
supported study in this laboratory, it was possible to prepare (CHy) aNBqHg as
a pure substance.'? Work with pure (CH,) sNByHa showed uncquivocally that the
compound s not attacked destructively by (CH,;)aN, but that it is attacked
readily by acids such as HCl. Further, as predicted by Parry and Edwards "
and subsequently verified by Shore,”' BuH4y is a protic acid. Thus reaction
procedures which avoid excess B ly, at all times in reaction with (CH.) N do
give (CH.) «{NBH4 and (CH.) :NB.H, as expected.

The reactions of Me NBuHy have been examined in some detail since they

provide considerable insight into the capge expansion processes. Much of the

pertinent chemistry can be sunmavized by the following cquat tons:
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in THE

Me sNB,H,; + HCI
~-800

2 Me NBH H - 4+ THEBU.C1 (1)
in CHCly, Mo NBHAHGCD + THF- B |
-80¢

MeaNBall + Nes P08 o, (e (2)

below .
oo t‘l,‘"’v Me yNBLH-,, Mo WNBH (3)

inCi1.C8 BeHr0, BoHg, Byollia

MesNBuHy + BoH

room temp
; o BoHan, Brolga, and others  (4)

Me sNByHu + BgHqo in'("fli,”-('tf’-

FEquation 1, illustrates the reaction of Me:NRAH, with a protic aeid and demon-
strates very clearly that the solvent is jmportant in determining the course ot
the renction. Reaction 2, indicates that Me NB,H, behaves as an acid. The
integrity of the B,y unit is retained in this reaction and the bis adduct disso-
ciates back to B,yHg NMe; and NMe. at room temperature.  Redction 3, ke equation
1, can be interpreted as the interaction of MeNBgHn with o protic acid; since,
as noted carlier, B, Hqy4 is a proton donor. The boron frawework expands as a
result of this process. These observations explain cavlicr ditficultices in the
study of the Bullyy cleavage reaction with NMe .. It also vifers insight into
carlier observations of Burg who reported in 19627 that hexamethylenotet ramine
and some other Lewis bases act catalvtically in the decomposition of BoHiy to
produce higher boron hydrides including B,lho, Bally, and Biolly,. The wa.nm-thv'h-nv—
tetramine-tetraboranc(8) compound, (CH.)eNaBqln, has now been characterized o
in this study and its chemistry is very similar to that of Me NBibb

Reaction 4 above, like reaction 3, shows an intermediate hedride B Hy0
acting as a proton donor. Alternatively, reaction 4 above mav be interpreted
as a result of the acid behavior of Me NBiH, towird the peripheral B-B bond of
RoHio. An intermedfate thus produced, Me NBHu-BoHjo, wonld split out

Me NBH3 Lo pive BaHge. T is pertinent to note that both By and Baiolly,




appear as significant products.  Further study of these svatems s necded,
particulatly since BsHio is produced in considerable amounts in the reaction
between Bl and MeaNBuHg and would be available for further reaction with

MeaNB4Hg in the system to give Biolg,.

B. The Hypho Series of Borancs and Borane Condensation Reactions.
1. The Classification Schoeme.
- 20 BN A A )
Formulas, geometry and framework electrons, have served
as the basis for the classification ot boron hydrides. Tio parent BpHy o famils
is called the closo series. Aceording to electron comting rules of Rudolph
e 225 . . b ", .
and Wade”?"'?® this family has 2n + 2 boroun framework clectrons. The nido
series, corresponding to the parent By, —series, has 2n 4+ 4 framework clectrons,

The arachno series corresponding to the parent Bl serics has 2n + 6 frame-
arachno H I nntg AL

work electrons. Members of a relatively new hypho serics with 2n + 8 frame-

MV AR L]

work electrons have been characterized by Shorer who fivst reported the ‘

structures of Ballo*2PMes and Bollyo2PMe s by Wallbridge™', ¢ B.la-2P¢,, B Ha-diphos

1 . .
" in this laboratory

and Bolo*@.PCH PP>) ,and new wembers were newly prepared A

(Bylig® 2PMe s, BoHs IPMes). A sizable number of new hyphe ¢lass compounds as

well as a few members of a still higher unnamed series with 2n + 10 framework

clectrons have been characterized in the study which is just being completed in

this laboratory. .
The hypho and higher class componmls are of intevest in this study

since a species with more skeletal clectrons should be more sensitive to acids

and to borane acid attack. Specifically an increase in the number of framework

electrons increases the number of B-B two centor bouds qand should thus increasc

the number of sites which can react with borane acids, usually Chrough an

fnsertion process,

e e L

e Gt p . o T e e
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2. Hypho Class Compounds ot Byl
The reaction of excess MeaN with MesNBaHg gives the hypho class
(MesN) 2BHg which can be isolated below -40°¢. Ammonia, monomethylamine, and
dimethylamine also add to MeaNBuHg to give compounds of general formula
BiHg *NMex+Amine, which have been characterized at low t‘(-mp_vr‘;yturr‘v‘s.'W‘ -
Reaction of ByHqiq with PMe, gives a hypho compound (b 21P) s Bally,
which is stable cnough at room temperature to permit purification by sublima-
tion.”® 1In sharp contrast to the case with Me:N, the 1:1 phosphine adduct
MesPBiHu could never be isolated; only the 2:1 hypho clis compound,
Mo P) JBLHy could be obtained.  Two ot her mixed hypho elase B compounds were
also obtained ' by addiog one mole of NMe o or PMe to B0 e
3. Hypho and Arachno compounds derived {from B.H..
As a result of the work of Shore and his students, it was known
that the reaction of BsHe with PMey gives the hypho compound Bl 2PMe ‘

We have explored the reaction of the hypho compound Bolia-2PMe o with excess
PMes. While it was believed carlicr that the reaction ol Boia with excess PMea
ultimately gave Me.PBH., studies completed in this laboratory demonstrate
conclusively that the reaction of Bolla2PMes or of BiHo with cxcess PMeo pives

. . N . . . R}
rise to reactions which can be described by the following cquations:

BsHo* 2PMes + 3PMea + Bl 2PMes + BaH. * 3PMe s (")
BsHe + S5PMes -+ B.H42PMea + BiH " 3PMe, (6)
(excess)

The BaHu 2PMes is an arachno specics while the Bl c3PMe ., is a new hypho compound,
the only B, hypho compound known. The arachno compound, B L - 2PMea, can be sub-
1imed from the reaction mixture. Simultancously the ByHo«3PMe o converts to a
known hypho compound, BeHqi0°2PMe 127"

2 BaHg « 3PMes *'{\"' + BoHq0+2PMey + 4PMe .

.
'y
i
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The compound is identical to the comparable specics generated from BoH o and

2PMes. Up to this time the Bah, o 3PMes has not been isolated as a pure compound
because of its decomposition during scparation procedures: still, its identity
in the original mixture has been unequivocally confirmed.  7The structure, based

on NMR, is:

HY H H
H- B\ /B“L
B,

H L

This compound reacts with HCL in accordance with the equation:

=80Y¢

B, 3PMe 4+ 2HCL - a0 MeaPBH 4+ 2Me L PBI O
in Ci1.C1..

We have also explored the reactions of both T-methvlipentaborane(9) and
2-methylpentaborane(9) with excess Mo to see 0f the identity ot the product
obtained would provide any clue as to the mechanism of the cleavape prociss,
In both cases the methyl group appeared on the B, fragment vather than on the
B3 fragment. The products were CHAB-H+2PMe .« and BaHo-3PMe .. Mechanistic
interpretations of these facts is found in the appropriate publication. e
Central to the argument is the fact that T-methyipentaborance(9) isomerizes to
the 2-methyi compound in the presence of a Lewis base.
4, Trimethyl Phosphine Adducts from Belljo.

Pure BgHjo reacts with excess PMes as indicated by the equation:

BsHio + 6PMe s > xBoH, < 2PMe w4+ xBiuHy < 4PMe + 2(1T-x) B 3PMe
The new compound BiHe 4PMes belongs to a new ¢ lass above hypho (klado) ™ with

2n + 10 framework electrons. The strocture assigned on the basis of NMR is

L
B
L\B/’ \B’L
H"’l1 t'%\H
1N
H ll. H
- - _—— . ——




A compound Belqi0-PMey was also isolated below -20%. "

assigned is:

H\B_/\fjr\B/H
\‘// \
B 2
B/H\B
H”7H
L

C. The Reaction Chemistry of B,H,+2PMe .

The compound B H.u-2PMe v is the simplest borane compound with a

It has been studied as

B-8 bond. The compound 75 casily proparcd, as noted

V1
and PMc ..

1. Formation of the Triborane Cation,

Unsymmetrical Cleavage of BLlle or Bilyo.

Non-symmetrical cleavage of the double bridge bona in BoH,

+ -
le‘) and B”u .

. . . \ o
is treated with an excess of B-lls in CH.Cls at =20 C,

can be described by the following vquzition:w

B,»,Hl.; M 2?“(’.‘_’1 + ;

At least in a formal sense the reaction can be

cleavage of the double bridyce bond of BH. with addition of

the B-B two center bhond.

]
Similarly BuHq0 is cleaved non-symmetrically by B.H,y 2PMey to give
+ - -
[BaHe (PMe ) 2] [B Hal . " The cation is fwoclectronic with the 8L anfon and j

’

o prototype to delineate the chemistry ot

i

I
[ B He (PMe ) -]

The BH, can add Bily to give the B.H, anion.

+ P
B.He ~>B3Hg (PMey) o] [BH)

viewed a8 a non-symmetrical

Thi- structure tentatively

B-B bond.
the two center

Khed from B 4,

ot feong

bhv

sives

When B,‘_”u < 2PMe s

reaction occurs which

+ ,
the H.B unit to




is assigned a structure similar to the Bl structure.

H\\ /’H L\ /’H '
8 B
I?/ \SH or ‘_% —
H\\B-—-——-B”L H~\B,f’k\\é,/L
\
L/ H L/ \H

R =~ 39 , . o . .
The cation, like BsHg ,”° is fluxional. At -70°C the motion is slow enough to
observe the '"B and 'H NMR signals of the static structurc. The cation is re-
3R

sistant to strong acids, as the following equation illustrates:
+ - - N (_:“;s(:l P + N -
[B,;“G (pMOJ)zJ leH/' + 2“(,] 'é()-o‘c-"“’* IB ;”.‘(I)M(‘g);g] [“()':J + H;g + B;.;H(,.

The HBr, salt can be prepared iu a comparable way. © Both the HC1,  and HBr,
salts and the BZH7_ salt decompose at room temperature but the B.Hg salt is

o
stable at 25°C.

- _ + - .

The decomposition of [BaH, (PMe) o] {BaH,]  on wiarming can be best

described by the following equation:
+ - A .

[B;;HG (PM93)2] [B?,H";] et Me 4PBaH, + MesPBH4 + B .He
The process can be viewed as transfer <0 an H back to the cation from the anion
with loss of a PMes from the cation to the BHs formed.

+ -

The compound [BaHg(PMca)] [BaHa] is sensitive to strong bascs
such as NMey. The equation is:

[BaHe (PMes) 2] T [BaHal™ + NMes » MeaPBoHa + Me PBH . + Mo NBH,
This process can be viewed as transfer of a hydride ion to the cation to
generate BoH.,-2PMes and BHi, the latter being combined with NMe. to give
MesNBH3, followed by interaction of the BiH,:2PMes with the Ball, fragment in
the system.

Methyl and fluoro derivatives of the cation were also prepared

2ty 110

during the past grant period. The compounds are:

g e e e
il
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{
’ + - +
' JCHABHe (PMe ) o) IBa, ], 1CH B He (PMen) ] T i ] and
+ -
[BaHuFu (PMes) 2} [BaFo] .
2. Attempted Unsymmetrical Cleavage of BiuHiq by B H,(PMes) o,
As noted above BsH,°2PMe; will cleave both the B.He and B,yHq0
+
molecules unsymmetrically to give the [BsHe(PMea)a| cation and the anion
characteristic of unsymmetrical cleavape of that borane. Sioce it is known that
BsHqq will undergo non-symmetrical cleavage with NH+y to pive the BuHo o anion,1“
it was expected that ByHy-2PMes should interact with B H.+ as indicated by the
following equation: ~800C
+ -
B;:HL" ZPMCJ + B!J{'] 1 = e R [Bq“(, (PM(’ :) l { B Ha ;
CH.Cl
No evidence for th2w£9rmati°“~2£m§hﬁpﬁu&2:,iBDMEBHJﬂ,bP_f‘UU“'- Instead, a
process as defined by the following cquation occurs:
50¢
Bally*2PMe o+ Bolbay =g qmm> MBol o PHe A Mo PR '
‘ aboje -40"'C
BHo-PMe + '3B.He e
B Ho + ML"JPBH'} P |
The BegH12°PMes and BeHo*PMes arc new compounds. Characterization of the
Bslo*PMes; has been completed“o and that of BgHq~*PMea is being pursued.
3. The Reaction of BuH,-2PMes with Bl THF.
The observed reaction is given by the equation:“0 .
. 250C -
BpHu’ZPMeg + l'HF-B:3H7 AT BL.H;;'PME‘-;\ + MePBH.. + THF
h : (;Hp(;lz

A borane expansion process is observed.

D. Newly Prepared Borane Adducts.
As described in the foregoing sections a number of new types of borane

compounds have been prepared and characterized in the past year. The Tist




1]
p
includes: Bl »3PMe(hypho class), B, 24PMe ((klado class), BoHa PMesGirachne
class), BgH44°0Rz(hypho class), BeHio*PMes(arachno class), BeHao PMe(hypho class).
The current situation 1s put into focus by examination of Table T which shows
the types of known boranes and borane adducts and the new compounds added in
this investigation.
Other new chloro compounds prepared include LBJ”LC],‘“‘JH,“' where
L = NMea, NHa, CH3NH., (CH;) NH, Pil.a, and PMe.,. The adducts are sensitive to
bases. The THF adduct could not be prepared.
Further the series LBaHy; was preparcdm&hcre L= Pll., McePUH,, MeoPPH,
MesP. The chemistry of this family was contrasted with that of the series
aRsun ,
LBH3. Differences are explained bythe greater acidity of Bili,. The fluxionality
of hydrogens in the Ba framework becomes greater (appears at lower temperature)
as the strength of the base increases.  See also ref. 45,
TABLE I ‘
Molecular Lewis Base Adducts of Boranes, ByHyl,
=1 234 =12 3 4 L= ? 3 4
BHA X (BHs) (BH;)
BoHy X BoHe X (B2He)
BalHs 0 Bal7 8 BsHo
ByHe 0 BuHa g g Bullvo
BsH~ BsHo olX BsHq4 0
BsHg BeHio o|X BeHa2 0 '
- B-Ho B7H11 Bol 14
B9H1o B8H12 X BB”1U
BoH11 BoH4q13 X RaH1s
B1oH12] X} X BipHqy | X|X Bioll1a
B11H1% Bq4Has B11Ha~
B1aH1u Bq2H16 Baolag
X - Adducts that had been known prior to the past grant periods.
0 - Adducts that were discovered during the past grant periods.
B - Adducts that had been known and to which new compounds

were added during the past prant period,
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} F. The Deuteration of Triborance Adducts.

THF-B3H:, or Me NBaH-, will react with DC1 at —80“C in CH.Cl,, to give
either THF:BsD- or MesNBaD-,."“®  The THF adduct can be converted to NaBabg,"”’
which can be coverted to ND,BiDg. The latter compound has potential interest

as a portable D, source.

F. Attempted Conversion of BoHa to Bioliya.

Earlier, during the course of halotriborane chemistry study, it was
found that the treatment of B.Hg ion with BCl, resulted in the formation of
BuH;oén The halogenation by BCla, which was coffective for the preparation of
MesNBsHeCl from MeaNBalw, could not be achieved for the hydride adduct of
BiH,, Bilg . The reaction appeared to have proceeded by the abstraction of
H by BCls to give HBCl, . The BsH, group thus freed was thought to undergo
a reaction to form BuHio;

2 BsH, > Bulqo +  (B.H) .

The application .f the hydride abstraction reaction to the Bede fon ‘

'

was intended in hope of producing "BeH,'" which might dimerize to give Baolia.

Indeed, the treatment of MeoNBeHu with excess BCly in CH.Cl. gave BygHan. The
yield was judged to be fair to good on the basis of the ''B NMR spectra of
the reaction products. The use of KB Hu, instead of the MegN salt, resulted
in the formation of a new compound B« H,-BC1 .. The appropriate equation tfor
the reaction is:
KB ,He + BCly --> KCI 4+ B Ha BCI...
The "B and 'H NMR spectra of the new compound indicated that the BC1. unit
is inserted at the basal B-B position in the manner similar to that has been found

[£32] . . .
for BsHg:BMes., The compound is of interest as an intermediate for the formation

of higher borane species, in particular BipHy,. The work is to be continued.
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